As the impact of anthropogenic activity and climate change continue to accelerate rates of degradation on Caribbean coral reefs, conservation and restoration faces greater challenges. At this stage, it is of particular importance in coral reefs to recognize and to understand the structural spatial patterns of benthic assemblages. We developed a field-based framework of a Caribbean reefscape benthic structure by using hermatypic corals as an indicator group of global biodiversity and bio-construction patterns in 11 reefs of the northern sector of the mesoamerican barrier reef system (nsMBRS). Four hundred and seventy four video-transects (50 m long by 0.4 m wide) were performed throughout a gradient of reef complexity from north to south (∼400 km) to identify coral species, families and ensembles of corals. Composition and abundance of species, families and ensembles showed differences among reefs. In the northern zone, the reefs had shallow, partial reef developments with low diversities, dominated by Acropora palmata, Siderastrea spp., Pseudodiploria strigosa, and Agaricia tenuifolia. In the central and southern zones, reefs presented extensive developments, high habitat heterogeneity, and the greatest diversity and dominance of Orbicella annularis and Orbicella faveolata. These two species determined the structure and diversity of corals in the central and southern zones of the nsMBRS and their bio-construction in these zones is unique in the Caribbean. Their abundance and distribution depended on the reef habitat area, topographic complexity and species richness. Orbicella species complex were crucial for maintaining the biodiversity and bio-construction of the central and southern zones while A. palmata in the northern zones of the nsMBRS.
INTRODUCTION
Compared to other marine ecosystems, coral reefs possess the greatest taxonomic and functional diversity of the planet, due to the structural complexity of their habitats, which generate multiple ecological niches for thousands of associated species (Jackson et al., 2001 ). This biodiversity favors reef stability and provides benefits for people, including alimentary and economic resources such as tourism, fisheries and coastal protection (Bellwood et al., 2004) .
Worldwide, reefs of the Western Atlantic present an intermediate to low biodiversity due to biogeographical and geological processes (Veron, 1995) . This biodiversity has decreased because of human and natural disturbances that have lead to phase shifts from coral dominance to macroalgal dominance (Gardner et al., 2003; Pandolfi et al., 2003; Mora, 2008) . Within the Western Atlantic, the reefs of the northern sector of the nsMBRS are under chronic stress from human activities and natural disturbances such as hurricanes and massive tourism (Núñez-Lara et al., 2005; Bozec et al., 2008; Healthy Reefs, 2012) . This is reflected in the low coral covers and moderate to high macroalgae covers, coral mortalities and frequent diseases, as well as low densities of carnivores and herbivores (Kramer, 2003; Bozec et al., 2008) . Nevertheless, in the year 2000 the reefs of the nsMBRS still presented extensive areas of relatively conserved live coral, due to their status as marine protected areas such as the Sian Ka'an Biosphere Reserve or the presence of small human settlements. However, in the northern zone, reefs are considerably degraded by coastal urban development and the effects of tourist and fishing activities (Núñez-Lara et al., 2005; Bozec et al., 2008; Healthy Reefs, 2012) . Furthermore, the ecological studies in this sector have increased in recent decades, particularly, in the community structure of different biological assemblages (e.g. Núñez-Lara et al., 2005; Reyes-Bonilla et al., 2014) , the contribution of alpha, beta and gamma diversity of reef fish Rodríguez-Zaragoza and Arias-González, 2008) , key ecological drivers (Arias-González et al., 2011) , the effects of biodiversity loss (Acosta-González et al., 2013) , reef architectural complexity assessments (Alvarez-Filip et al., 2011) , and trophic functioning (e.g., Arias-González et al., 2004; Alva-Basurto and Arias-González, 2014) .
To find out the condition of the reefs and conserve their biological richness and current physical characteristics, it is necessary to perform evaluations of the biodiversity of key groups (Done et al., 1996) . These evaluations are fundamental to elucidate how biodiversity influences the functioning of ecosystems, given that this confers a high degree of functional redundancy, where the loss of a species is potentially compensated by the action of another (Bellwood et al., 2004) or to identify the vulnerability of species assemblages and to restore it. For this evaluation, the use of biodiversity indicator groups has been proposed (Pearson, 1995) . Corals have been proved to be one of the essential groups for understanding resilience and avoiding phase shifts (Bellwood et al., 2004) . Corals are the main coral reef building organisms by their continuous accumulation of carbonates, and functionality, since the shape of the colonies reflects their function in the reef process, which includes the creation of three dimensional habitats for fish and other organisms (Bellwood et al., 2004) . In this way, corals are ecosystem engineers that influence the global species richness of the reefs, giving specific resources such as substrate, refuges, and food for a multiplicity of species.
To perform evaluations of biodiversity it is important to analyze the ecological diversity of the indicator group studied, which takes into account the species richness, composition, abundance and evenness, in different taxonomic hierarchies, and functional groups,-named here as ensembles. This implies the study of the different ecological sets of organisms (communities, assemblages and ensembles) defined by geography, resources, and phylogeny (Fauth et al., 1996) . The assemblages are taxonomically related species of a community, and the ensembles are members of an assemblage that exploit a common resource (Fauth et al., 1996) .
In this study, the evaluation of the coral diversity was based on the structure of coral assemblages at species, family, and ensemble level. Hermatypic corals were considered as an indicator group of the biodiversity and bio-construction of the coral reefs. We examinated the biodiversity with the analysis of the structure and diversity of the coral assemblages in 11 fringing reefs of the nsMBRS in order to establish which are the biological variables that influence the structure and diversity of corals, and to identify the reefs that potentially present greater biodiversity and bio-construction in this region. This information is relevant for finding out the ecological dynamics of the corals on the biodiversity and reef development; it is equally fundamental for the management and conservation of the coral reefs of the MBRS.
MATERIALS AND METHODS

STUDY AREA
The reefs of the nsMBRS form a semi continuous barrier that extends from Cancun (21 • 00 N, 86 • 46 ) to the border between Mexico and Belize (18 • 16 N, 87 • 49 O) . The eleven reefs analyzed in this study are located in three zones delimited by their geomorphological characteristics and anthropogenic use (Núñez-Lara et al., 2005) (Figure 1 ): Punta Nizuc, Puerto Morelos, and Punta Maroma in the northern zone; Boca Paila, Yuyum, Punta Allen and Tampalam in the central zone; and El Placer, Mahahual, Xahuayxol, and Xcalak in the southern zone. The reef development increases along a north-south gradient. The reefs of the northern zone possess two habitats, lagoon and front, with shallow, discontinuous coral formations, separated by large expansions of sand. The reefs of the central and southern zones have four habitats, lagoon, front, slope and terrace, and are more developed, with spur and groove systems. The physical characteristics of the reefs studied have been described by Ruíz-Zárate and Arias-González (2004) and Núñez-Lara et al. (2005) . Protected marine areas also exist such as National Parks in Punta Nizuc, Puerto Morelos, Xahuayxol and Xcalak, and the Biosphere Reserve, which includes all the sites of the central zone.
SAMPLING AND DATA COLLECTION
A total of 474 videotransects (50 m long and 0.4 m wide) obtained between June and September 1999 and 2000 were analyzed (Núñez-Lara et al., 2005) . In 1999 the reef fronts and terraces were sampled (∼6 and ∼20 m deep) and in 2000 the lagoons and slopes (∼3 and ∼10 m deep). The sampling effort per reef varied between 28 and 58 videotransects. A total of 40 frames were reviewed, with 13 fixed points systematically distributed per videotransect, to record the richness and cover of coral species. The coral cover was calculated per reef at species, family and ensemble level. The coral ensembles were established based on the shape of the coral colonies: semispherical, brain, boulder, leafy-encrusting, column, branching, finger, flower-cup, and fleshy.
A number of environmental variables that potentially influence the structure and diversity of the coral assemblages were analyzed: (1) total live coral cover, algae (including fleshy macroalgae, calcareous algae, turf and others), sand and calcareous substrate (calcareous rock and dead coral), which were estimated from the videotransects; (2) reef habitat area, estimated with Landsat TM images and supervised images in the ERDAS 8.7 program (ERDAS Inc.); and (3) topographical complexity index quantified with the chain method and calculated by the flowing equation (Aronson et al., 1994) :
where topographic complexity is the habitat complexity, D is the horizontal distance of the chain following the profile of the substrate and L is the total length (18 m).
ECOLOGICAL ANALYSIS
The sampling effort was evaluated with accumulated curves from the Shannon Wiener (H ) index using the EstimateS V7.5 program (Colwell, 2005) . The curves showed an asymptotic tendency, indicating an adequate representation of the coral species, and validated the comparisons among reefs (Supplementary Figure S1) . The structure (composition and abundance) of the coral assemblages, families and ensembles was compared among reefs with a one-way similarities analysis (ANOSIM), based on data transformed with the square root, Bray-Curtis similarity matrices and 9999 permutations. The contributions of the species, families and ensembles per reef were estimated with a percentages similarity analysis (SIMPER) (Clarke and Warwick, 1994) . Both methods were run in the PRIMER 5.2 program (Plymouth Marine Lab. UK). Coral diversity was analyzed with Hill's numbers series:
where N 0 and S are the organism richness or the number of coral species, families and ensembles, N 1 is the number of species, families and ensembles with medium abundance, H is the Shannon diversity index (H = − (Hill, 1973) .
The diversity of coral species, families and ensembles was analyzed with a non-metric multidimensional scaling analysis (NMDS) and a cluster analysis (CA) using UPGMA linking method. The similarity matrices were constructed using Hill's numbers, previously transformed with the square root and the Bray-Curtis coefficient in the PRIMER 5.2 program (Plymouth Marine Lab. UK).
The reef bio-construction was estimated based on the following equation:
where AA is an approximation of the reef accretion in cm −3 , subsequently converted into m −3 ; C is the live cover of the species i expressed as a ratio; AEA is the area of the reef structure in cm −2 ; CL is the lineal growth rate of the species i in cm year −1 , obtained from published literature (Bak and Meesters, 1997; Carricart-Ganivet, 2004; García-Urueña, 2004; Duran, 2006) . AA was estimated with the species that contributed to 95% of the total contribution calculated with the SIMPER per reef. The environmental variables among reefs were compared with unrestricted statistics because they did not meet the parametric assumptions. Kruskal-Wallis (H) tests were used for the live coral cover and the covers of algae, sand, calcareous substrate and habitat complexity. The Chi-square (X 2 ) goodness of fit was used for the reef habitat area and reef accretion.
The relationship of the structure and diversity of the coral assemblages and ensembles with environmental variables per reef was evaluated with a canonical redundancy analysis (RDA) (Legendre and Legendre, 1998) . Three matrices were constructed for the coral structure, each one with the covers at species and family level, such as ensembles. For coral diversity, another three matrices were constructed with Hill's numbers, each one for species, families and ensembles. Subsequently, all the matrices were transformed with Hellinger (Legendre and Gallagher, 2001 ). The environmental matrix was constructed with the live coral cover, the covers of algae, sand and calcareous substrate, as well as with the reef habitat area and topographic complexity. The statistical significance was tested with 9999 permutations in the CANOCO 4.5 program (Biometris, ter Braak and Šmilauer, 2002) .
In order to explain several specific relationships between coral community parameters, simple and multiple regressions were generated by forward selection on RDA at species level. The dependent variables corresponded to the values of the first dimension of an NMDS generated with the species' covers or Hill's numbers per reef, which represented the variation of the structure and diversity of the coral assemblage. Other dependent variables were the live coral cover and Hill's numbers, analyzed individually. The independent variables were the covers of Orbicella annularis and O. faveolata (Orbicella = Montastraea, sensu Budd et al., 2012) , the covers of algae and calcareous substrate, reef habitat area and topographic complexity. Live coral cover was used as dependent or independent variable, depending on the analyzed model. The Trace statistic was used as a determination coefficient and it was tested with 9999 permutations (CANOCO 4.5, Biometris, ter Braak and Šmilauer, 2002) .
RESULTS
CORAL ASSEMBLAGE STRUCTURE
The structure and diversity of the coral assemblages presented different patterns among the reefs of the northern zone in contrast to those located in the central and southern zones ( Table 1 ). In the northern zone the reefs presented partial reef development, which was limited to shallow areas. Punta Nizuc and Puerto Morelos showed similar compositions of species, families and ensembles, but different to those observed in Punta Maroma, with the exception of the structure of the families between Puerto Morelos and Punta Maroma that did not show strong dissimilarities (Table 1) . In Punta Nizuc and Puerto Morelos, the dominant species were Acropora palmata, Siderastrea spp., Pseudodiploria strigosa; the dominant families were Acroporidae, Favidae, and Siderastreidae; and the dominant ensembles were branching, semispheric and brain corals ( Table 2) .
Punta Maroma presented a different coral development compared to other reefs, with not the same species, families and ensembles composition than the northern, central and southern reefs. It is possible that this is a transition area through a more continuous reef development like central and southern zones. The dominant species in this reef were Agaricia tenuifolia, Siderastrea spp., O. annularis and Porites porites; the dominant families were Favidae, Siderastreidae, Agaricidae and Poritidae; 
Codes: %C, cover (%); Co, contribution (%); AC, Accumulated contribution (%).
and the ensembles that predominated were boulder, encrusting, semispheric and finger corals ( Table 2 ).
In the central and southern zones, the reefs presented greater reef development, which extends from shallow areas in reef lagoons to deeper areas on the terraces. The coral assemblages were similar for most of the reefs (Table 1) , with the exception of Tampalam, which presented differences with Mahahual, Xahuayxol and Punta Allen. In general, the dominant species were O. annularis, O. faveolata, P. strigosa y Siderastrea spp., Agaricia agaricites, and A. tenuifolia; the most important familes were Favidae, Agaricidae, and Siderastreidae; and the ensembles with the greatest contribution were the submassive, brain, hemispheric and encrusting corals ( Table 2 ). The Orbicella species complex contributed among 40 and 68% to total of coral assemblages.
In Tampalam, the corals grow in a more isolated way and present poor reef developments. Its assemblage was constituted by the species O. annularis, P. strigosa, Siderastrea spp., A. agaricites, Porites astroides, and Pseudodiploria clivosa; the families Favidae, Agaricidae, and Poritidae; and the ensembles of submassive, brain, hemispheric and encrusting corals ( Table 2) .
SPECIES, FAMILY AND ENSEMBLE DIVERSITY
A total of 30 species of corals were recorded, belonging to 9 families and 9 ensembles in the nsMBRS. Reefs located in the northern zone had the lowest species richness (N 0 ) while the reefs located in the central and southern zones exhibited the highest values (Table 3) . Similarly, the evenness indices (N 1 , N 2 and N 21 ), estimated at species level, presented a similar pattern to that of species richness (Table 3) . When the evenness indices were analyzed by family and ensemble a different configuration was found. Several reefs with intermediate richness had the lowest evenness, while the reefs with the highest richness and those with the lowest richness displayed similar evenness values (Table 3) .
In general, a similar clustering configuration was observed with the analysis at species and ensemble level (Figure 2) . In both levels, five groups were identified (Figures 2A,C) : (1) group 1, associated with the reefs of Yuyum, Punta Allen, Mahahual, and Xahuayxol, which presented greater species and ensemble richness with a moderate evenness; (2) groups 2, 3, and 4 integrated by the reefs of El Placer, Boca Paila, Xcalak, and Tampalam, which have an intermediate species and ensemble richness and low evenness; and (3) group 5 incorporated the reefs of Punta Nizuc, Puerto Morelos, and Punta Maroma, with the lowest richness but a high evenness. The clustering configuration at family level was different, and four groups were identified ( Figure 2B ): (1) group 1 incorporated the reefs of Mahahual, El Placer, Xahuayxol, Punta Allen, Yuyum, and Boca Paila for their greater species and family richness but lowest evenness; (2) groups 2 and 3 which separated the reefs of Xcalak and Tampalam with an intermediate species and family richness and the greatest evenness; (3) group 4 joined the reefs of Punta Nizuc, Punta Maroma and Puerto Morelos with the lowest species and family richness and an intermediate evenness.
ENVIRONMENTAL FACTORS
The average live coral cover varied among the reefs from 2.2 to 13.8%. The greatest coral covers were estimated in the central and southern zones, particularly in Mahahual, Yuyum, and Boca Paila reefs ( Figure 3A) . Algae presented the highest substrate covers, with an average that varied among reefs from 21.1 to 59.3%. The highest values were observed in Puerto Morelos, Boca Paila, and Yuyum reefs, while the lowest were found in Mahahual reef ( Figure 3B) . The average sand cover varied from 1.1% in Yuyum to 16.1% in Puerto Morelos reefs ( Figure 3C) . The mean calcareous substrate cover was from 2.9 to 24.8%; the highest values were found in Mahahual and Tampalam reefs ( Figure 3D) . The topographic complexity increased along a latitudinal gradient from north to south, with the highest values in Mahahual, Xahuayxol, and Xcalak reefs ( Figure 3E) . The reef habitat area fluctuated from 0.56 to 2.68 km 2 , the reefs of the central and southern zones have more extensive areas, particularly Yuyum, Mahahual, and Boca Paila reefs ( Figure 3F ).
CORAL BIODIVERSITY AND ENVIRONMENTAL FACTORS
The RDA showed that the contribution and abundance of O. annularis and O. faveolata mainly explained the variation of the coral species diversity among reefs (Trace = 0.84, p < 0.001). Maximum biodiversity was found when these species complex had a contribution greater than 54% and a cover greater than 5.5% (Tables 2, 3 ). This occurred in Yuyum, Punta Allen, Mahahual, and Xahuayxol reefs. If these species showed a contribution among 39 and 52%, and a cover from 1 to 5% (Table 2) , the reefs presented an intermediate biodiversity (Table 3) , as it was the case in Boca Paila, El Placer, Xcalak, and Tampalam reefs. If the contribution was less than 20% and the cover presented values below 0.5% (Table 2) , the reefs presented a low biodiversity ( Table 3 ). This occurred in Punta Nizuc, Puerto Morelos, and Punta Maroma reefs. The results of the RDA also showed that the live coral cover, reef habitat area, sand cover and topographic complexity were mainly related to the structure and diversity of corals at species, family and ensemble level. The correlation values ranged from 0.72 to 0.98 (Tables S1, S2 ). Among 66.2 and 74.7% of the variation was explained for the coral assemblage structure, and from 99.2 to 99.7% for coral diversity (Tables S1,  S2 ). The RDA ordinations showed that axis 1 was related to the reef sites with similar structure and coral diversity hence the reefs of the central and southern zones were separated from those in the northern zone (Figures 4A-C) . Mahahual, El Placer, Xahuayxol, Punta Allen, Yuyum reefs were identified with high biodiversity, while Boca Paila, El Placer, Xcalak, and Tampalam presented an intermediate biodiversity, and Punta Nizuc, Puerto Morelos and Punta Maroma showed low biodiversity (Figures 4D-F) .
The coral assemblage structure and diversity ordinations showed that the reef habitat area, live coral cover and topographic complexity were associated with the complex of species O. annularis and O. faveolata, with the Favidae family and with the boulder corals ensemble, which dominated on the reefs of the central and southern zones (Figures 4A-C) . These environmental variables were also correlated with species richness (N 0 ), which predominantly determines the coral diversity of the reefs (Figures 4D-F) . Sand cover presented an inverse relationship between the patterns of coral richness and evenness; hence it was correlated with the reefs of the northern zones and the species A. palmata and Siderastrea spp., the families Acroporidea and Siderastreidae and the branched and semispheric corals (Figures 4A-C) . Similarly, sand was related to Hill's evenness (N 21 ) at the family and ensemble level (Figures 4D-F) . Calcareous substrate was weakly associated with live coral cover, reef habitat area and topographic complexity.
Algae were weakly correlated with coral assemblage structure and did not present a defined pattern among ordinations. The indexes N 1 , N 2 y N b presented different patterns; at species level they were associated with calcareous substrate and algae, while at family and ensemble level they were inversely related to live coral cover, reef habitat area, topographic complexity and coral species richness (N 0 ). Finally, N b was inversely related to N 1 and N 2 .
CORAL STRUCTURE AND DIVERSITY
Reef habitat area, live coral cover and the species O. annularis and O. faveolata were found to influence the structure and diversity of the corals of the nsMBRS (Figure 5A ). This was accounted for ( Figure 5A ): (1) O. annularis and O. faveolata covers constituted the main bulk of the live coral cover of reefs, which primarily shaped the structure and diversity of coral species; (2) the greater the increase in O. annularis and O. faveolata cover the greater the reef habitat area in the reefs; (3) the reef habitat area combined with the live coral cover and topographic complexity, determined coral species richness (N 0 ); (4) to greater richness more species with lower abundance (N b ); (5) O. annularis and O. faveolata covers, combined with algae and calcareous substrate covers, were related to the diversity (N 1 and N 2 ) and evenness indexes (N 21 ) ( Figure 5A ).
REEF BIO-CONSTRUCTION
The reef bio-construction varied with reef accretion values from 43.8 to 432.1 m −3 with strong differences among reefs ( Figure 5B) . The highest values were estimated by Mahahual, Yuyum, Xahuayxol, followed by Punta Allen, Boca Paila, El Placer, and Xcalak. The lowest values were estimated by Puerto Morelos, Punta Maroma, Punta Nizuc, and Tampalam ( Figure 5B) . The patterns found in the bio-construction per reef were similar to the results obtained from the analysis of the coral assemblage structure and diversity. The reefs with more complex assemblages and greater diversity presented the greatest bio-construction.
DISCUSSION CORAL STRUCTURE AND DIVERSITY
The coral assemblage structure and diversity patterns varied among reefs mainly due to the differences that exist in the abundance of the dominant species, O. annularis and O. faveolata, and to the geomorphological conditions of each reef. The northern reefs present a reef crest and front with a small reef habitat area extension, while the central and southern reefs present a reef crest, front, slope and terrace with a large extension. The continental shelf of the nsMBRS has been shaped by the Río Hondo fault that extends from Belize to the north of the Yucatán Peninsula (Weidie, 1985) . The characteristics of the fault cause the reefs of the northern zone to have a wide shelf with steeper slopes that limit the reef development to shallow surfaces (<6 m). In contrast, the sites of the central and southern zones have developed upon a wider continental shelf with shallow slopes and a large quantity of hard substrate. This supports a greater reef development with spurs and grooves that extend to depths of more than 60 m. It favors the creation of more habitats from shallow to deep areas and high structural complexity. The geomorphological differences can generate a differential development among the reefs. The reefs of the northern zone present partial, shallow reef developments. They were correlated with high sand cover, which indicated a smaller reef habitat area, low live coral cover and topographic complexity. Sand is a soft, unstable substrate that does not permit the massive development of corals in this area (Jordán-Dahlgren, 1993) . The coral assemblage structure in the zone was dominated by species typical of shallow reefs. In Punta Nizuc and Puerto Morelos reefs, A. palmata (branched coral), Siderastrea spp. (hemispherical) and P. strigosa (brain) were dominant; while in Punta Maroma reef the dominant species were A. tenuifolia (encrusting-leafy), Siderastrea spp. and O. annularis (boulder) and P. porites (finger). A. palmata is one of the dominant species in shallow reefs of the Caribbean (Kramer, 2003) , since it is an opportunistic species (r-strategy) with rapid growth that by way of fragmentation maintains its abundance. Equally A. palmata supports the waves, exposure to the air, heating and sedimentation (Harrison and Wallace, 1990; Lang and Chornesky, 1990) . Semispheric (Siderastrea spp.) and brain (e.g., Pseudodiploria spp. and Diploria labyrinthiformis) corals are also resistant to the waves and possess high sediment cleaning rates (Sorokin, 1995) . The encrusting-leafy (A. tenuifolia) and finger (P. porites) corals present shapes that reduce the effect of the waves. Thus these species assemblages have been able to exist in adverse environments, but have been generating poor reef developments with low organism richness within the nsMBRS.
Reefs of the central and southern zones presented a greater habitat area than those of the north. These reefs have extensive reef developments with greater live coral cover, high topographic complexity and the greatest contribution of O. annularis and O. faveolata (boulder corals). These characteristics favor the formation of spur and groove systems. The structure of the coral assemblages at species, family and ensemble level was similar in the majority of these reefs. O. annularis, O. faveolata, P. strigosa, Siderastrea spp., and P. astreoides were the dominant species in these zones. These results corroborate those found by other studies in the nsMBRS (Gutiérrez et al., 1993; Jordán-Dahlgren, 1993; Jordán-Dahlgren and Rodríguez-Martínez, 2003; Ruíz-Zárate et al., 2003) . The Orbicella species complex is characterized by possessing high rates of survival, regeneration from lesions and sediment cleaning (Lang and Chornesky, 1990; Sorokin, 1995; Brown, 1997) . Furthermore, they are resistant to storm surges and are more competitive for substrate due to their aggressiveness and type of growth (Lang and Chornesky, 1990; Brown, 1997) . In the Caribbean these species have contributed with the greatest relative live coral cover and are distributed from depths of 0-85 m (Sorokin, 1995; Kramer, 2003) dominating the forereef habitats (Mumby et al., 2008) . In this study O. annularis and O. faveolata species complex were the most important reef builders in the nsMBRS, which agrees with other reports on this area (Gutiérrez et al., 1993; Ruíz-Zárate et al., 2003) . Likewise, this study shows P. astreoides is another specie that significantly contributes for coral assemblage structure, due to its high frequency and coverage throughout the analyzed reefs at the beginning of 2000s. However, P. astreoides is currently considered one species that has become a more prominent component of coral reefs across the Caribbean Sea, because it is resilient to environmental stress, and by its "weedy" life-history strategy (Green et al., 2008) . Also, P. astreoides has high demographic rates that reduce the risk of epizootics through increased average population turnover (Yakob and Mumby, 2011) . But it has small colonies that contribute little to reef accretion and habitat architectural complexity (Alvarez-Filip et al., 2013) . The acroporids did not present a significant contribution to the coral assemblages, as reported in previous studies (Jordán-Dahlgren, 1993) . Since 1990 these species have decreased and in many of the reefs their skeletons are in growing position, which indicates biological mortalities, perhaps caused by the white band disease (Jordán-Dahlgren and Rodríguez-Martínez, 2003; Ruíz-Zárate et al., 2003) , which has caused massive mortalities in other Caribbean reefs (Kramer, 2003) .
The analyses of variation of the structure and diversity of the coral assemblages of the nsMBRS, at species, family, and ensemble level were explained by the reef habitat area, live coral cover, topographic complexity and the abundances of O. annularis and O. faveolata. Reef habitat area, live coral cover and topographic complexity were positively correlated with the cover of O. annularis and O. faveolata and their respective families and ensembles, as well as with the species richness (N 0 ). The reef habitat area, live coral cover and topographic complexity are considered key variables that establish and maintain the biodiversity of coral reefs (Bellwood and Hughes, 2001; Arias-González et al., 2008; Alvarez-Filip et al., 2011 . Larger areas contain more habitats and support more species, promote diversity on temporal scales, determine the size of populations and influence genetic diversity (Palumbi, 1997; Bellwood and Hughes, 2001) . Coral species richness and distribution patterns depend on habitat characteristics and live coral cover (Tomascik et al., 1996; Guzmán et al., 2004; Arias-González et al., 2008) . O. annularis and O. faveolata had a high contribution of live coral cover in reefs with greater reef habitat area and topographic complexity. Reef architectural complexity increases, and it is highest, on reef sites dominated by large, massive coral species, such as Orbicella spp., than in sites dominated by short-lived and stress-resistant coral species as Porites and Agaricia (Alvarez-Filip et al., 2011 . Live coral cover directly influences coral species richness, given that the majority of them recruit and establish themselves on live coral (Nzali et al., 1998; Ruíz-Zárate et al., 2003) . The topographic complexity produced mainly by the architecture of corals favors the survival and establishment of juvenile corals because it provides more nooks and crannies that are used as refuges to escape from grazing fish and environmental stress (Miller et al., 2000) .
The high dominance of O. annularis and O. faveolata generated a low evenness in the coral assemblages. Therefore, the reefs with high and intermediate biodiversity, located in the central and southern zones, presented a greater number of species, families and ensembles but with a lower evenness. In contrast, the reefs with low biodiversity, located in the northern zone, had a greater evenness due to the low dominance of O. annularis and O. faveolata. These results highlighted that O. annularis and O. faveolata can be used as indicator species, due to the fact that their abundance and contribution influence the coral assemblage structure and diversity at nsMBRS.
BIODIVERSITY AND BIO-CONSTRUCTION
Corals are an assemblage that can be considered as an indicator of global biodiversity in coral reefs, since they are part of a bottom-up control into the food webs and are the most important bio-constructors of coral reef ecosystems. Furthermore, many of the species that inhabit coral reefs directly depend on the live coral cover and structure of the habitat that the corals build (Almany, 2004; Jones et al., 2004) . Framework building in coral reefs is strongly dependent on the participation of all ensembles of building organisms, and composition of biota and bio-constructors diversity can influence outcome of bio-construction (Cocito, 2004) . Our results showed that reefs with high coral species richness presented high live coral cover. This demonstrates that much of the biodiversity of the reefs depends on the structure and diversity of the corals, as well as on the live coral cover and topographic complexity they generate. This correspond also with other taxa in the same study area, which has showed a positive correlation between the reef habitat area, live coral cover, topographic complexity and the beta diversity of fish and corals .
The reefs with greater live coral cover present a greater biomass of corals, which together accumulate more carbonates, favoring reef bio-construction (Carricart-Ganivet, 2004) . The bioconstruction occurs via the fixation of carbon generated by the primary producers, in particular the zooxanthellae that are found within the coral tissue (Done et al., 1996) . Our results showed that O. annularis and O. faveolata constitute most of the live coral cover, and their massive colonies with sizes from decimetres to meters, increase the accretion of the reef structure, topographic complexity and the three-dimensionality of the reef habitats. In fact, Orbicella species complex has been one of the most dominant corals of the Caribbean (Goreau, 1959) .
From the analysis of the coral structure assemblage and diversity, the reefs that presented the greatest biodiversity and bioconstruction were identified as: Yuyum, Boca Paila, and Punta Allen in the central zone, and Mahahual, El Placer and Xahuayxol in the southern zone. The reefs with an intermediate biodiversity and bio-construction correspond to Xcalak and Tampalam. In contrast, the reefs with the lowest biodiversity and poorest reef development are Punta Nizuc, Puerto Morelos and Punta Maroma in the northern zone. However, the results obtained for the bio-construction estimation should be taken with caution given that the lineal growth rates used do not entirely reflect the response of the corals with respect to the variation of the environmental variables. Nevertheless, they are considered to be a good approximation to this property of the functioning of the coral reef ecosystem.
The relationship among the abundance of O. annularis and O. faveolata, reef habitat area, live coral cover and topographic complexity was essential for determining the characteristics of the structure and diversity of the reefs of the nsMBRS. The results show that the studies at species and ensemble level enable to identify biodiversity and bio-construction patterns. This is important because by evaluating the benthic assemblages using coral ensembles, the global condition of the reefs is identified in a simple and fast manner. It is important because through the Caribbean, opportunistic coral species (Agaricia and Porites) are dominating and replacing the boulder corals as Orbicella spp., what produces substantial changes decreasing reef accretion and habitat complexity, and so affecting the ecosystem functioning (Alvarez-Filip et al., 2013) .
Other factors exist that also influence the biodiversity and bioconstruction of the corals. For example coral recruitment is a sign that the reefs can maintain themselves (Ruíz-Zárate et al., 2003) , although a specific correspondence between the structure of the assemblages of recruits, juveniles and adult corals has not been proved in the nsMBRS (Ruíz-Zárate et al., 2003; Ruíz-Zárate and Arias-González, 2004 ). This suggests that asexual reproduction is possibly maintaining the adult populations, particularly those of O. annularis and O. faveolata. Intra and interspecific biological interactions (e.g., competition) are important in structuring diversity, but these also act over small scales within the reef habitats.
The oceanographic and physiochemical characteristics of the seawater are also important for the development of corals. Although, these variables are not known in detail for the nsMBRS, it has been suggested recently that the distribution of Orbicella reefs is constrained in environments of high exposure (Chollett and Mumby, 2012) . This pattern is likely to be driven in the nsM-BRS by the frequent hurricanes and tropical storms, via the effects of storm surges and by the resuspension of sediments, variables that shape and structure the biodiversity and bio-construction of these reefs.
The effects of anthropogenic activities can change the transparency and concentration of nutrients of the seawater, favoring phase shifts in the reefs that may increase erosion, affect coral diversity and reduce live coral cover. These disturbances would have functional consequences on the coral reef ecosystems, given that the process of bio-construction would decrease, the reef structure would be eroded by physical and biological processes, and a loss of calcareous material to rubble, sand and slimy sediments would be produced. The persistence of the reefs requires the global growth rate of mass and volume to equal or exceed the losses by physical and biological erosion, hence persistence is a function of the benthic community structure and the vitality between the zooxanthellae and corals (Done et al., 1996) .
Anthropogenic impacts modify and degrade the biodiversity of coral reefs. In the nsMBRS these impacts are a latent threat because of the effects of eutrophication, sedimentation and pollution (Bozec et al., 2008) . The hotel infrastructure of the Cancun-Tulum tourist corridor is located in the northern zone, and the Mexican government recently approved the construction of another large tourist development in the southern zone that may have severe consequences in these fragile marine ecosystems. For this reason, the protection and conservation of the reef habitat area and the key species that maintain the resilience of the reefs, such as O. annularis y O. faveolata, which are long lived species (k-strategy) and spawning species that need to reach large sizes in order to reproduce (Harrison and Wallace, 1990; Sorokin, 1995) , should be considered in the management plans of the nsMBRS. The high social-ecological value of Orbicella reefs rise their importance conservation planning (Mumby et al., 2008) . The growth rates of these species are slow (Carricart-Ganivet, 2004 ) and often present high proportions of partially dead tissue due to susceptible to diseases and bleaching (Kramer, 2003) . The decrease in their size and live cover reduces their fecundity and the viability of their populations. Therefore it is fundamental that the abundance of O. annularis y O. faveolata be maintained in order to conserve the bio-construction, live coral cover and biodiversity of the coral reefs of the nsMBRS. However, the influence of anthropogenic factors was not tested, since this was not the focus of this study, but it may be another important key driver, and should be considered for management and subsequent ecological studies.
CONCLUSION
The present study shows the importance of the function that O. annularis and O. faveolata present in shaping the structure and diversity of the coral assemblages of the nsMBRS at species, family and ensemble level. The sites with higher biodiversity present a greater contribution of O. annularis and O. faveolata and have a larger bio-construction. Similarly, the structure and diversity of their coral assemblages are related to higher reef habitat area, live coral cover and topographic complexity values. The sites with these characteristics were Mahahual, Yuyum, Xahuayxol and Punta Allen.
O. annularis and O. faveolata are related to the reef habitat area, which is the most important variable for their distribution and dominance. This is reflected in the geomorphological differences of the reefs of the nsMBRS. The reefs of the northern zone possess a small reef habitat area restricted to shallow areas where the contribution of O. annularis and O. faveolata is low; therefore the reefs are poorly developed. In contrast, the majority of the reefs of the central and southern zones present greater reef habitat area that include shallow and deep areas. This generates an increase in habitat heterogeneity and an increase in the contribution of de O. annularis and O. faveolata, which directly influence the formation of massive reef developments such as spur and groove systems. These conditions determine the structure and diversity of the coral assemblages. Where the proportion of O. annularis and O. faveolata is greater, more live coral cover and topographic complexity will exist, and together with the reef habitat area lead to greater coral species richness. The dominance of these two species also determines coral species composition.
O. annularis and O. faveolata species complex is key to maintain nsMBRS biodiversity because in addition to corals, other species associated with the reefs depend on the health and abundance of the corals. The current degradation of the reefs and their tendency to collapse implies urgent management and conservation plans are needed, that consider the protection and restoration of corals and their habitats in order to increase their natural resistance and resilience to anthropogenic and natural disturbances.
